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(57) ABSTRACT 

As a general overvieW, the system 10 is used to assist the 
surgeon in performing an operation by acquiring and dis 
playing an image of the patent. Subsequent movement of the 
patient and instruments is tracked and displayed on the 
image. Images of a selection of implants are stored by the 
system and may be called to be superimposed on the image. 
The surgical procedures may be planned using the images of 
the patient and instruments and implants and stored as a 
series of sequential tasks referred to de?ned datums, such as 
inclination or position. Gestures of the surgeon may be used 
in the planning stage to call the image of the instruments and 
in the procedure to increment the planned tasks. 
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COMPUTER ASSISTED SYSTEM AND METHOD 
FOR MINIMAL INVASIVE HIP, UNI KNEE AND 

TOTAL KNEE REPLACEMENT 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 60/390,188, entitled “COM 
PUTER ASSISTED SYSTEM AND METHOD FOR MINI 
MAL INVASIVE HIP, UNI KNEE AND TOTAL KNEE 
REPLACEMENT”, ?led on Jun. 21, 2002. 

BACKGROUND OF THE INVENTION 

[0002] Field of the Invention 

[0003] The present invention relates to a method and 
system for computer assisted medical surgery procedures, 
more speci?cally, the invention relates to a system Which 
aids a surgeon in accurately positioning surgical instruments 
for performing surgical procedures, and also relates to 
reducing user interaction With the system for minimal inva 
sive surgery. 

[0004] Many surgical procedures, particularly in the ?elds 
of orthopedic surgery and neurosurgery, involve the careful 
placement and manipulation of probes, cutting tools, drills 
and saWs amongst a variety of surgical instruments. Com 
puter-based surgical planning has been investigated by many 
researchers over the past decade and the promise of the 
technology is to provide better surgical results (With feWer 
procedures), decreased time in the operating room, loWer 
resulting risk to the patient (increased precision of tech 
nique, decreased infection risk), and a loWer cost. In image 
guided surgery the vision of reality is enhanced using 
information from CT, MR and other medical imaging data. 
Certain instruments can be guided by these patient speci?c 
images if the patient’s position on the operating table is 
aligned to this data. 

[0005] Preoperative 3D imaging may help to stratify 
patients into groups suitable for a minimally invasive 
approach or requiring open surgery. The objectives include 
the most accurate prediction possible, including the siZe and 
position of the prosthesis, the compensation of existing 
differences in leg lengths, recogniZing possible intraopera 
tive particularities of the intervention, reducing the operat 
ing time and the potential for unforeseen complications. 

[0006] Traditional surgical planning involves overlay of 
2D templates onto planar X-ray images, hoWever this pro 
cess is sensitive to errors in planar X-ray acquisition and 
magni?cation. Precise 3D models of implants superposed 
onto intra-operative calibrated ?uoro is an improvement 
over current methods, hoWever interpretation of these 3D 
models is not intuitive. 

[0007] In the case of X-ray imaging (?uoroscopy or CT 
scan), the surgical staff are required Wear protective cloth 
ing, such as lead aprons during the procedure. Also, the 
imaging device must be present during the course of the 
surgery in case the patient’s orientation is changed. This can 
be cumbersome and undesirable given the space require 
ments for such equipment, such as magnetic resonance 
imaging, X-ray imaging machine or ultrasound machine. 
Therefore, in such circumstances it is desirable to maintain 
the patient in a ?Xed position through the course of the 
surgical operation, Which can prove to be very dif?cult. 
Therefore, a surgeon has to be present for image acquisition 
and landmark identi?cation. 

Sep. 15, 2005 

[0008] Image-guided surgery permits acquiring images of 
a patient Whilst the surgery is taking place, align these 
images With high resolution 3D scans of the patient acquired 
preoperatively and to merge intraoperative images from 
multiple imaging modalities. Intraoperative MR images are 
acquired during surgery for the purpose of guiding the 
actions of the surgeon. The most valuable additional infor 
mation from intraoperative MR is the ability for the surgeon 
to see beneath the surface of structures, enabling visualiZa 
tion of What is underneath What the surgeon can see directly. 

[0009] The advantages of 2D operation planning include 
simple routine diagnostics, as the X-ray is in 2 planes, 
simple data analysis, simple comparison/quality control on 
postoperative X-ray, and more bene?cial cost-bene?t rela 
tion. HoWever, 2D operation planning module has the sev 
eral draWbacks, it lacks capability of spatially imaging of 
anatomic structures, and implant siZe can only be deter 
mined by using standardiZed X-ray technology and has no 
coupling to navigation. The advantages of 3D include pre 
cise imaging of anatomical structures, precise determination 
of implant siZe, movement analysis of the joint possible, and 
coupling With navigation. HoWever, 3D provides for more 
eXpensive diagnostics, as it involves X-ray imaging and 
CT/MRI imaging. Also, CT data analysis is time consuming 
and costly, and there is no routine comparison of 3D 
planning and OP result (post-op. CT on routine. 

SUMMARY OF THE INVENTION 

[0010] In one of its aspects there is provided a computer 
implemented method for enhancing interaction betWeen a 
user and a surgical computer assisted system, the method 
includes the steps of tracking a user’s hand gestures With 
respect to a reference point; registering a plurality of ges 
turally-based hand gestures and storing said gestures on a 
computer-readable medium; associating each of said plural 
ity of gesturally-based hand gestures With a desired action; 
detecting a desired action by referencing said user’s hand 
gestures stored on said computer-readable medium; and 
performing the desired action. 

[0011] In another one of its aspects there is provided a 
computer-implemented method for enhancing interaction 
betWeen a user and a surgical computer assisted system, the 
method having the steps of: determining information for a 
surgical procedure from the orientation of a medical image 
Whereby accuracy of said information is improved. The 
orientation of the medical image is obtained by tracking of 
the imaging device or by tracking of a ?ducial object visible 
in the image. 

[0012] In another one of its aspects there is provided a 
method for a computer assisted surgery system, the method 
includes the steps of using 3D implant and instrument 
geometric models in combination With registered medical 
images, generating 2D projections of that instrument and/or 
implant, updating the 2D projection dynamically in real 
time as the implant/instrument is moved about in 3D space. 
Advantageously, the dynamic 2D projection is more intui 
tive and provides ease of use a user. 

[0013] In yet another aspect of the invention, there is 
provided a method for a computer assisted surgery system, 
the method having the steps of displaying a magni?ed 
virtual representation of a target instrument or implant siZe 
While smaller instruments or implants are being used. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other features of the preferred embodi 
ments of the invention Will become more apparent in the 
following detailed description in Which reference is made to 
the appended draWings Wherein: 

[0015] FIG. 1 is a schematic representation of a computer 
assisted surgery system; 

[0016] FIG. 2 is a block diagram of a computing device 
used in the system of FIG. 1; 

[0017] FIG. 3 is a set of instruments for use With the 
system of FIG. 1; 

[0018] FIG. 4 is patient tracker for minimal invasive 
surgery; 

[0019] FIG. 5 is a How chart shoWing the sequential steps 
of using the system of FIG. 1. 

[0020] FIG. 6 shoWs examples of landmarks de?ning a 
pelvic coordinate system; 

[0021] FIG. 7 shoWs a Way of calculating an anteversion 
or inclination angle; 

[0022] FIG. 8 shoWs a virtual representation of a reamer; 

[0023] 
[0024] FIG. 10 shoWs guidance of a femoral stem length 
and an anteversion angle; and 

[0025] FIG. 11 is a 2D projection of femoral stem model. 

FIG. 9 shoWs a femoral anteversion; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] Referring to FIG. 1, there is shoWn a computer 
assisted surgery system 10 for performing open surgical 
procedures and minimal invasive surgical procedures on a 
patient 12 usually positioned horiZontally on an operating 
table 14. Open surgical procedures include hip, knee and 
trauma surgeries, hoWever computer assistance can facilitate 
minimal invasive approaches by providing valuable imaging 
information of normally hidden anatomy. Minimal invasive 
surgical procedures include keyhole approaches augmented 
by calibrated image information Which reduce hospital stay 
and cost and greatly improve patient 12 morbidity and 
suffering. Such surgical procedures require a plurality of 
instruments 16, such as drills, saWs and raspers. The system 
10 assists and guides a user 18, such as a medical practi 
tioner, to perform surgical procedures, such as to place 
implants 20 using the instruments 16, by providing the user 
18 With positioning and orientation of the instruments 16 
and implants 20 With relation to the patient’s 12 anatomical 
region of the operation, such as the hip area. 

[0027] As a general overvieW, the system 10 is used to 
assist the surgeon in performing an operation by acquiring 
and displaying an image of the patent. Subsequent move 
ment of the patient and instruments is tracked and displayed 
on the image. Images of a selection of implants are stored by 
the system and may be called to be superimposed on the 
image. The surgical procedures may be planned using the 
images of the patient and instruments and implants and 
stored as a series of sequential tasks referred to de?ned 
datums, such as inclination or position. Gestures of the 
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surgeon may be used in the planning stage to call the image 
of the instruments and in the procedure to increment the 
planned tasks. 

[0028] Referring to FIG. 1, the system 10 includes an 
imaging device 22 for providing medical images 24, such as 
X-ray, ?uoroscopic, computed tomography (CT), magnetic 
resonance imaging of the patient’s 12 anatomical region of 
the operation and the relative location of the instruments 16 
and implants 20. Generally, a C-arm, Which provides X-ray 
and ?uoroscopic images 24, is used as the imaging device 
22. The C-arm can be positioned in the most convenient 
location for the procedure being carried out, While alloWing 
the user 18, the maximum possible space in Which to Work 
so that the procedures can be freely executed. The C-arm 22 
features movement about or along three axes, so that the 
patient 12 can be easily approached from any direction. The 
C-arm 22 includes an X-ray source 21, an X-ray detector 23 
and imaging softWare that converts the output of the detector 
into a format that can be imaged on display screen 25 for 
displaying the images 24 to the user 18. 

[0029] Radiation exposure is a necessary part of any 
procedure for obtaining an image to assist in calculating the 
proper angle of the instruments 16 and implants 20, hoW 
ever, radiation exposure is considered to be a haZard, an 
exposure to the user 18 as Well as the patient 12 during 
orthopaedic procedures using ?uoroscopy is a universal 
concern. Consequently, a reduction in the amount of radia 
tion exposure is highly desirable. Typically, the images 24 
are acquired during pre-planning and stored in a image 
memory 29 on a computing device 26 coupled to the C-arm 
22. As Will be explained further beloW, the acquired images 
are referenced to a 3D coordinate frameWork. This may be 
done automatically by referencing the image to the frame 
Work When acquiring the image or manually by formatting 
the image to contain ?ducials, either inherent from the 
imaged structure or added in the form of an opaque marker 
to permit registration betWeen the images and patients. 
Generally, the computing device 26 is contained Within a 
housing and includes input/output interfaces such as graphi 
cal user interface display 28 and input means such as mouse 
and a keyboard. 

[0030] To facilitate the performance of the operation, the 
position and orientation of the operative instruments 16 and 
implants 20 is displayed on the images 24 by monitoring the 
relative positions of the patient 12, instruments 16 and 
implants 20. For this purpose, movement of the patient 12 is 
monitored by a plurality of positional sensors or patient 
trackers 30 as illustrated in FIG. 4 attached to the patient 12 
to report the location of orientation of the patient 12’s 
anatomy in a 3-D space. One example of the position sensor 
is a passive optical sensor, by NDI Polaris, Waterloo, 
Ontario, that alloWs real-time tracking of its trackers in 
three-dimensional space using an infrared-based camera 
tracking 27. Therefore, the patient trackers 30 report these 
coordinates to an application program 32 of the computing 
device 26. Each patient tracker 30 is ?xed relative to the 
operative site, and a plurality of patient trackers 30 are used 
to accommodate relative movement betWeen various parts of 
the patient’s 12 anatomy. For minimal invasive surgery, the 
patient trackers 30 used can have minimal access for attach 
ment to the patient 12. 

[0031] To enable registration betWeen the patient and the 
image during the procedure, position sensors 32 are placed 
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in distinctive patterns on the C-arm 22. Atracking shield and 
grid 34, such as ?ducial grid 34, are ?tted onto the image 
intensi?er of the C-arm 22. The grid 34 contains a set of 
markers 36 that are visible in images 24, and allow the image 
24 projection to be determined accurately. The position 
sensors 36 With the tracked ?ducial grid 32 are used to 
calibrate and/or register medical images 26 by ?xing the 
position of the grid relative to the patient trackers 30 at the 
time the image is acquired. 
[0032] The system 10 also includes hardWare and elec 
tronics used to synchroniZe the moment of images 24 
acquisition to the tracked position of the patient 12 and/or 
imaging device 22. The systems 10 also includes electronics 
to communicate signals from the position sensors 30, 36,38 
or communicate measurements or information to the com 

puting device 26 or electronics to the computing device 26 
or other part of the system 10. 

[0033] The instruments 16 also include positional sensors 
38, or instrument trackers that provide an unambiguous 
position and orientation of the instruments. This alloWs the 
movement of the instruments 16 to be tracked virtually 
represented on the images 26 in the application program 
While performing the procedure. Some instruments 16 are 
designed speci?cally for the navigation system 10, While 
eXisting orthopedic instruments 16 can be adapted to Work 
With the navigation system 10 by rigidly attaching trackers 
34 to some part of the instrument 16 so that they become 
visible to the camera. By virtue of a tracker attached to an 
instrument, the position and trajectory of the instrument in 
the 3D coordinate system, and therefore relative to the 
patient can be determined. The trackers 38 ?t onto the 
instruments 16 in a reproducible location so that their 
relation can be pre-calibrated. Veri?cation that this attach 
ment has not changed is provided With a veri?cation device. 
Such a veri?cation device contains “docking stations” Where 
the instruments 16 can be positioned repeatedly relative to 
?Xed locations and orientations. Existing instruments can be 
adapted by securing abutments on to the surgical instru 
ments in a knoWn position/orientation With respect to the 
instrument’s aXes. The calibration can be done by registering 
the position When in the docking station With a calibration 
device and storing and associating this calibration informa 
tion With the particular docking station. 
[0034] Alternatively, the docking station could be 
mechanically designed such that it has a unique position for 
the instrument in the docking station and such that the 
calibration information could be determined through the 
knoWn details and con?guration of the instrument. 

[0035] Accordingly, the instrument and its associated 
tracker, can be removed from the docking station and its 
position monitored. 
[0036] Similarly, the implants 20 include trackers 36 
Which may be integrated in to the implant or detachably 
secured so as to be disposable after insertion. The trackers 36 
provide positional information of the implant 20 detectable 
by the system 10. The devices 36 transmit a signal to the 
tracking system 27 regarding their identity and position. The 
trackers on the devices 36 may include embedded electron 
ics for measurement, computing and display alloWing them 
to calculate and display values to the system 10 or directly 
to the user and may include a user-activated sWitch. 

[0037] Images 26 of the patient 12 are taken and land 
marks identi?ed after patient trackers are rigidly mounted 
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and before surgical patient positioning and draping on a 
surgical table 14. The images 26 are manually or automati 
cally “registered” or “calibrated” by identi?cation of the 
landmarks on both the patient and image. Since the images 
26 are registered and saved on the computer readable 
medium of the computing device With respect to the tracker 
location, no more imaging may be required, unless required 
during the procedure. Therefore there is minimal radiation 
eXposure to the user 18. 

[0038] To assist in the planning of the procedure, the 
computing device of the system 10 includes stored images of 
implants and instruments compatible to the imaging system 
utilised. With an X-ray device, the images are generated by 
an algorithm for generating a 2D projection of instruments 
16 and implants 22 onto 2D X-ray images 24. This involves 
algorithms that take the 3D CAD information and generate 
a 2D template that resembles templates that surgeons 18 are 
familiar With for planning. For eXample, the projection of 
the 3D femoral stem and acetabular cup model onto the 
X-ray is performed using a contour-projection method that 
produces the dynamic template that has some characteristics 
similar to the standard 2D templates used by surgeons 28, 
and therefore is more intuitive. 

[0039] The “dynamic 2D template” from the 3D model 
provides both the eXact magni?cation and orientation of the 
planned implant on the acquired image to provide an intui 
tive visual interface. A 2D template generation algorithm 
uses the 3D geometry of the implant, and 3D-2D processing 
to generate a projection of the template onto the calibrated 
X-ray image. The 2D template has some characteristics 
similar to those provided by implant manufacturers to ortho 
paedic surgeons for planning on planar X-ray ?lms. The 
application program 32 alloWs the user to maneuver the 
virtual images of prosthetic components or implants until the 
optimum position is obtained. The surgeon can dynamically 
change the siZe of component among those available until 
the optimum con?guration is obtained. 

[0040] To facilitate the actual procedure, the system 10 
also automatically detects implant and/or instrument mod 
els, by reading the bar codes carried by the implants. The 
system 10 includes a bar code reader that automatically or 
semi-automatically recogniZes a cooled opto-re?ecting bar 
code on an implant 20 package by bringing it in the vicinity 
of a bar code reader of the system 10. The implants are 
loaded into the system 10 and potentially automatically 
registered as a “used inventory” item. This information is 
used for the purposes of inventory control Within a softWare 
package that could be connected to the supplier’s inventory 
control system that could use this information to remotely 
track supplier and also replenished When a system 10 
indicates that it has been used. Each of the implants carries 
trackers that are used to determine the orientation and 
position relative to the patient and display that on the display 
28 as an overlay of the patient image. 

[0041] It is recogniZed that other active/passive tracking 
systems could be used, if desired. The tracking system 27 
can be, but is not limited to optical, magnetic, ultrasound, 
etc. Could also include hardWare, electronics or internet 
connections that are used for purposes, such as remote 
diagnostics, training, service, maintenance and softWare 
upgrades. Other tracking means electrically energiZeable 
emitters, re?ective markers, magnetic sensors or other locat 
ing means. 
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[0042] Each surgical procedure includes a series of steps 
such that there is a Work?oW associated With each proce 
dure. Typically, these steps or tasks are completed in 
sequence. For each procedure the Work?oW is recorded by 
a Work?oW engine 38 in FIG. 2 coupled to the application 
program 32. Thus, the system 10 can guide the user 18 by 
prompting the user 18 to perform the task of the Work?oW 
or the user 18 directs the Work?oW to be folloWed by the 
system 10 by recogniZing the tracked instruments 16 as 
chosen by the user 18. Generally, a combination of both 
guided Work?oWs are possible in any given procedure. Thus, 
the user 18 can trigger an action for a speci?c Work?oW task. 
When the system 10 detects that a given task of the proce 
dure has been invoked, it displays the required information 
for that procedure, pertinent measurements, and/or medical 
images 24. The system 10 also automatically completes user 
18 input ?elds to specify certain information or actions. The 
guide also alerts the user 18 if a step of the Work?oW has 
been by-passed. 

[0043] The tasks of the procedure are invoked by the user 
18 interacting With the system 10 via an interface sub 
system 40. The user 18 includes position sensors 42 or user 
trackers, typically mounted on the user’s 18 hand. These 
sensors 42 provide tracking of user’s 18 position and ori 
entation. Generally, a hand input device 44 With attached 
tracker 42 or an electroresistive sensing glove is used to 
report the ?eXion and abduction of each of the ?ngers, along 
With Wrist motion. Thus, each task of the Work?oW is 
associated With hand gestures, the paradigm being gestur 
ally-based hand gestures to indicate the desired operation. 

[0044] Hand gestures may also be used during planning. 
For eXample, the user 18 could make the “drill” gesture and 
the corresponding image, ie a virtual drill is called from the 
instrument image database and applied to the patient 12 data 
(hip) in the environment. Similarly, a saWing motion invokes 
the femoral proXimal cut guidance mode, While a tWisting 
motion invokes a reamer guidance mode and shoWs a rasp 
to invoke the leg length and anteversion guidance mode. 
Hand gestures may also be used during the surgical proce 
dure to invoke iteration of the Work How steps or other 
action required. 

[0045] Prior to the start of the procedure, a plurality of 
hand gestures are performed by the user 18, recorded by the 
computing device 22, and associated With a desired action 
and coupled to the pertinent images 24, measurement data 
and any other information speci?c to that Work?oW step. 
Therefore, if during the procedure, the user 18 performs any 
of the recorded gestures to invoke the desired actions of the 
Work?oW; the camera detects the hand motion gesture via 
the position sensors 42 and sends this information to the 
Work?oW engine for the appropriate action. Similarly, the 
system 10 is responsive to the signal provided by the 
individual instruments 16, and, responds to the appearance 
of the instruments in the ?eld of vision to initiate actions in 
the Work ?oW. The gestures may include a period of time in 
Which an instrument is held stationary or may be combina 
tions of gestures to invoke certain actions. 

[0046] The steps for a typical method of a computer 
assisted surgery system 10 Will noW be described With the 
aid of a ?oWchart in FIG. 5. 

[0047] Initially, patient trackers 30 are attached onto the 
patient 12 by suitably quali?ed medical personnel 18, and 

Sep. 15, 2005 

not necessarily by a surgeon 18. This attachment of trackers 
may be done While the patient 12 is under general anesthesia 
using local steriliZation. The patient image is obtained using 
the C-arm 22 or similar imaging technique, so that either 
registration occurs automatically or characteristic markers 
or ?duciaries may be observed in the image. The markers 
may be readily recogniZed attributes of the anatomy being 
imaged, or may be opaque “buttons” that are placed on the 
patient. 
[0048] The neXt step 102 involves calibrating the posi 
tional sensors or trackers on the instruments 16, implants 20 
and a user’s 18 hand in order to determine their position in 
a 3-dimensional space and their position in relation to each 
other. This is accomplished by insertion of the veri?cation 
block that gives absolute position and orientation. 

[0049] In the neXt step 104, a plurality of hand gestures are 
performed by the user 18 and recorded by the computing 
device 22. These hand gestures are associated With a desired 
action of the Work?oW protocol; 

[0050] Registration is then performed if necessary 
betWeen the image and patient by touching each ?duciary on 
the patient and image in succession. In this Way, the image 
is registered in the 3D frameWork established by the cameras 
to that the relative movement betWeen the instruments and 
patient can be displayed. 

[0051] The neXt steps involves planning of the procedure. 
At step 10 the position of the patient’s 12 anatomical region 
is registered. This step includes the sub-steps of tracking that 
patient’s 12 anatomical region in space and numerically 
mapping it to a corresponding medical images 24 of that 
anatomy. This step is performed by locating some anatomi 
cal landmarks on the patient’s 12 anatomical region With the 
3D tracking system 27 and in the corresponding medical 
images 24 and calculating the transformation betWeen 3D 
tracking and medical images 24 coordinate systems. 

[0052] At step 112, the 2D templates of the instruments 
and implants generate a projection of the template onto the 
calibrated 2D X-ray images 24 in real time. The “dynamic 
2D template” from the 3D model provides both the eXact 
magni?cation and orientation of the planned implant With 
the intuitive visual interface. This step also includes gener 
ating a 2D projection of instruments 16 onto 2D X-ray 
images 24. The instruments 16 to be used on the patient 12 
While performing the procedure are virtually represented on 
the images 24, and so are the implants. The 3D implant and 
instrument geometric models in combination are used With 
the registered medical images 24, and the generating 2D 
projections of that instrument and/or implant are updated 
dynamically in real-time as the implant/instrument is moved 
about in 3D space. Advantageously, the dynamic 2D pro 
jection is more intuitive and provides ease of use for a user 
18. As the steps of the procedure are simulated, datums or 
references may be recorded on the image to assist in the 
subsequent procedure. 
[0053] In the neXt 114, a path for the navigation of the 
procedure is set and the pertinent images 24 of the patient’s 
12 anatomical region are complied for presentation to the 
user 18 on a display. Thus the user 18 is presented With a 
series of Work?oW steps to be folloWed in order to perform 
the procedure. 

[0054] After the planning stages, the procedure is started 
at step 116 by detecting a desired action from the user’s hand 
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gestures stored on said computer-readable medium; or from 
the positional information of a tracked instrument With 
respect to the tracking system 27 or other tracked device, or 
a combination of these tWo triggers; 

[0055] The neXt step 118 involves performing the desired 
action in accordance With the pre-set path. HoWever, the user 
18 may deviate from the pre-set path or Work?oW steps in 
Which case the system 10 alerts the user 18 of such an action. 
The system 10 provides visual, auditory or other sensory 
feedback to indicate When that the surgeon 18 is off the 
planned path. The 2D images 24 are updated, along With 
virtual representation of the implant 20 and instrument 16 
positioning, and relevant measurements to suit the neW user 
18 de?ned path. After each step in the Work ?oW, the user 18 
increments the task list by gesturing or by selection of a 
different instrument. During the procedure, the references 
previously recorded provide feedback to the user 18 to 
correctly position and orientate the instruments and 
implants. 

[0056] The method and system 10 for computer assisted 
surgery Will noW be described With regards to speci?c 
eXamples of hip and knee replacement. Hip replacement 
involves replacement of the hip joint by a prosthesis that 
contains tWo main components namely an acetabular and 
femoral component. The system 10 can be used to provide 
information on the optimiZation of implant component posi 
tioning of the acetabular component and/or the femoral 
component. The acetabular and femoral components are 
typically made of several parts, including for eXample inlays 
for friction surfaces, and these parts come in different siZes, 
thicknesses and lengths. The objective of this surgery is to 
help restore normal hip function Which involves avoidance 
of impingement and proper leg length restoration and femo 
ral anteversion setting. 

[0057] In a total Hip or MIS Hip replacement guidance 
method, the clinical Work?oW starts With attachment of MIS 
eX-?X style patient trackers 30 in FIG. 5 on the patient’s 12 
back While under general anesthesia using local steriliZation. 
The pins that ?X the tracker to the underlying bone can be 
standard external ?xation devices available on the market 
onto Which a patient tracker is clamped. The user 18 
interface of the system 10 prompts the user 18 to obtain the 
images 24 required for that surgery and associates the 
images 24 With the appropriate patient tracker 30. Once the 
images 24 have been acquired, the patient trackers 30 are 
maintained in a ?Xed position so that they cannot move 
relative to the corresponding underlying bone. 

[0058] The system 10 presents images that are used to 
determine a plurality of measurements, such as the trans 
epicondylar aXis of the femur for femoral anteversion mea 
surements. Femoral anteversion is de?ned by the angle 
betWeen a plane de?ned by the trans-epicondylar aXis and 
the long aXis of the femur and the vector of the femoral neck 
To determine the orientation of the transcondylar aXis of the 
femur, the C-arm 22 is aligned until the medial and lateral 
femoral condyles overlap in the sagittal vieW. This vieW is 
a knoWn reference position of the femur that happens to pass 
through the transcondylar aXis. The orientation of the X-ray 
image 24 is calculated by the system 10 and stored in the 
computer readable medium for later use. The transcondylar 
aXis is one piece of the information used to calculate femoral 
anteversion. 

Sep. 15, 2005 

[0059] The system 10 includes intra-operative planning of 
the acetabular and femoral component positioning to help 
choose the right implant components, achieve the desired 
anteversion/inclination angle of the cup, anteversion and 
position of the femoral stem for restoration of patient 12 leg 
length and anteversion and to help avoid of hip impinge 
ment. Acetabular cup alignment is guided by identifying 3 
landmarks on the pelvis that de?nes the pelvic co-ordinate 
system 10. These landmarks can be the left & right cases and 
pubis symphysis (See FIG. 6). 

[0060] The position of the landmarks can be de?ned in a 
number of Ways. One Way is to use a single image 24 to 

re?ne the digitiZed landmark in the ante-posterior plane, as it is easier to obtain an AP image 24 of the hip than 

a lateral one due to X-ray attenuation through soft tissue. 
This involves moving the landmark Within the plane of the 
image 24 Without affecting its “depth” With respect to the 
X-ray direction of that image 24, as it is easier to obtain a 
single AP image 24 of the pelvis due to X-ray attenuation of 
the lateral image 24. The user 18 is made aWare that the 
depth of the landmark must have been accurately de?ned 
through palpation or bi-planar digitiZation. Use of single 
X-ray images 24 can be used to ensure that the left and right 
aXes are at the same “height” With respect to their respective 
pelvic crests and to ensure that the pubis symphysis land 
mark is Well centered. 

[0061] Alternatively, bi-planar reconstruction from tWo 
non-parallel images 24 of a given landmark can be used. 
This helps to minimiZe invasive localiZation of a landmark 
hidden beneath soft tissue or inaccessible due to patient 12 
draping or positioning. The difference betWeen modifying a 
landmark through bi-planar reconstruction and modifying 
the landmark position With the neW single X-ray image 24 
technique is that in bi-planar reconstruction, modi?cation 
in?uences the landmarks position along an “X-ray beam” 
originating from the other image 24, Whereas the single 
X-ray image 24 modi?cation restricts landmark modi?ca 
tion to the plane of that image 24. 

[0062] The pelvic co-ordinate system 10 is used to calcu 
late an anteversion/inclination angle of a cup positioner for 
desired cup placement. This can also be used to calculate and 
guide an acetabular reamer. The system 10 displays the 
anteversion/inclination angle to the user 18 along With a 
projection of the 3D cup position on X-ray images 24 of the 
hip. The details of calculations can be seen in FIG. 6. 

[0063] For minimal invasive procedures, the system 10 
provides navigation of a saW that is used to resect the 
femoral head. This step is performed before the acetabular 
cup guidance to gain access to the acetabulum. The system 
10 displays the relevant C-arm 22 images 24 required for 
navigation of the saW and display the saW’s position in 
real-time on those images 24. Guidance may be required for 
determining the height of the femoral cut. The system 10 
then displays the relevant images 24 for femoral reaming 
and displays the femoral reamer. If the user 18 has selected 
an implant siZe at the beginning or earlier in the procedure, 
the system 10 displays the reamer corresponding to this 
implant siZe. Note that since reaming process starts With 
smaller reamers and Works it’s Way up to the implant siZe, 
the virtual representation of the reamer Will be larger than 
the actual reamer until the implant siZe is reached (for 
eXample for a siZe 12 implant, the surgeon 18 Will start With 
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a 8-9 mm reamer and Work up in 1-2 mm increments in 
reamer size). This virtual representation allows the surgeon 
18 to see if the selected implant siZe ?ts Within the femoral 
canal. Secondly, it can help avoid the user 18 having to 
change the virtual representation on the UI for each reamer 
change Which often occurs very quickly during surgery 
(time saving). The user 18 is able to change the reamer 
diameter manually if required. 

[0064] The system 10 assists in guiding the orientation of 
the femoral reaming in order to avoid putting the stem in 
crooked or Worse notching the intra-medullary canal, Which 
can cause later femoral fracture. A virtual representation of 
the reamer and a virtual tip extension of the reamer are 
provided so the surgeon 18 can align the reamer visually on 
the X-ray images 24 to pass through the centre of the 
femoral canal. The system 10 alloWs the surgeon 18 to set a 
current reamer path as the target path. The system 10 
provides a sound Warning if subsequent reamers are not 
Within a certain tolerance of this aXis direction. 

[0065] The femoral anteversion calculation is described 
beloW With the aid of FIG. 6: 

[0066] Where nprobe be a unit vector, pointing from the 
tip of the cup impactor toWards the handle, and 

n ,n-,an n -,areunivecors a frontal axial d saggital t t t 
are normal to the three orthogonal planes that form the 
pelvic co-ordinate system. 

[0068] nfrontal be a unit vector, normal to the frontal 
plane of the patient 12, Whose sense is from the 
posterior to the anterior of the patient 12. 

[0069] naxial be a unit vector, normal to the aXial plane 
of the patient 12, Whose sense is from the inferior to the 
superior of the patient 12. 

[0070] nsaggital be a unit vector, normal to the sagittal 
plane of the patient 12, Whose sense is from patient 12 
right to patient 12 left. 

[0071] Let 0t represent the anteversion. 

[0072] Let [3 represent the inclination. 

vprobeifrontal = ("probe 'naxial)naxial + ("probe ' nsagi?al)nsagittal 

nprobeifrontal = vprobeifrontal / lvprobeifrontall 

i1 
11 = 90 — COS ("frontal wmbe) 

,3 = Signx {130 — 005*1 ("axial ' nprobeifrontaln 

[0073] Where: 

[0074] For a left hip ‘sign’ is positive unless nprObL 
frontal 'nsagittal<0 ' 

[0075] For a right hip ‘sign’ is positive unless nprObL 
frontal 'nsagittal>0 ' 

[0076] The system 10 also provides a technique for obtain 
ing the trans-epicondylar aXis of the femur. An accepted 
radiological reference of the femur is the X-ray vieW Where 
the distal and posterior femoral condyles overlap. The 
direction of this vieW also happens to be the trans-epicondy 
lar aXis. The ?uoro-based system 10 tracks the position of 
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the image 24 intensi?er to determine the central X-ray beam 
direction through C-arm 22 image calibration. The epi 
condylar aXis is obtained by acquiring a C-arm 22 image that 
aligns the femoral condyles in the sagittal plane and record 
ing the relative position of the C-arm 22 central X-ray beam 
With respect to the patient tracker. 

[0077] Once these vectors are de?ned in the Work?oW, the 
system 10 Will provide real-time update of femoral antever 
sion for a femoral rasp and femoral implant guides. A 
femoral rasp is an instrument inserted into the reamed 
femoral aXis and used to rasp out the shape of the femoral 
implant. It is also possible to provide femoral anteversion 
measurements for other devices that may be used for ante 
version positioning (for example the femoral osteotome). 
The system 10 also updates in real-time the effect of rasp or 
implant position on leg length. Leg Length is calculated in 
three steps. In the ?rst step, before the hip is dislocated, the 
distance betWeen a femoral tracker, Tf, and a pelvic tracker, 
Tp are obtained. Therefore, the initial distance, Li=(Tf— 
Tp)~na. 
[0078] The second step of the process involves calculating 
the neW leg length fraction attributed to the acetabular cup 
position, LC. Once the cup has been placed, the position of 
the cup impactor, Pi, is stored. After the acetabular cup shell 
and liner have been selected, the eXact location of the center 
of rotation along the impactor aXis, PC is obtained from the 
3D models of the implants. The center of rotation is then 
projected onto the pelvic normal and relative to the pelvic 
tracker, and the length attributed by cup position, Lc=Pc~na. 

[0079] In the neXt step, the neW leg length fraction attrib 
uted to the femoral stem position, L5, is obtained. After 
selection of the desired stem and head implants, the precise 
location of the femoral head is obtained from the 3D models 
of the implants, Ph. As the femur is being rasped, the length 
is continuously calculated along the anatomical aXis of the 
femur, Vfemur, relative to the femoral tracker, Tf by moni 
toring the position of the reamer. The length attributed to 
stem position, LS=Ph~V 

[0080] The implant models and components can be 
changed “on the ?y” and the resulting effect on the above 
parameters displayed in real-time by the computer-imple 
mented system 10. As indicated in FIG. 10, the application 
program implements algorithms Which take into consider 
ation changes in parameters such as component shape siZe 
and thickness to recalculate leg length and anteversion 
angles. Intra-operative planning may be important in hips or 
knees Where bone quality is not Well knoWn until the patient 
12 is open and changes in prosthesis siZe and shape may 
need to be performed intra-operatively. When a neW com 
ponent is chosen or When the surgeon 18 rasps further doWn 
into the femur than planned, due to poorer than eXpected 
bone quality for eXample, the system 10 Will automatically 
generate updated leg length measurements and anteversion 
angles so that in situ decisions can be made. For eXample if 
the surgeon 18 has rasped too far into the femur, Which 
Would result in a leg length loss, the system 10 could be used 
to see if a larger siZed femoral neck length or larger siZe 
femoral implant could be used to maintain the correct leg 
length. 

[0081] The system 10 also calculates potential impinge 
ment in real-time betWeen femoral and acetabular compo 
nents based on the recorded acetabular cup position and the 
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current femoral stem anteversion. Implant-implant impinge 
ment calculation is based on the fact that the arti?cial joint 
is a Well-de?ned ball and socket joint. Knowing the acetabu 
lar component and femoral stem component geometry, one 
can calculate for Which clinical angles impingement Will 
occur. If impingement can occur Within angles that the 
individual is expected to use, then the surgeon 18 is Warned 
of potential impingement. Once the acetabular component 
has been set, the only remaining degree of freedom to avoid 
impingement is the femoral anteversion. 

[0082] As mentioned above, the system 10 generates a 2D 
projection of implants onto 2D X-ray image 24 to provide 
the surgeon 18 With a more familiar representation, as shoWn 
in FIG. 11. The 2D projection model Would be updated as 
the implant is rotated in 3D space. 

[0083] The system 10 can also optionally record informa 
tion such as the position of the femoral component of the 
implant or bony landmarks and use this information to 
determine acetabular cup alignment that minimiZes the 
probability of implant impingement. This can help guide an 
eXact match betWeen acetabular and femoral anteversion for 
component alignment. The system 10 can help guide the 
femoral reamer that prepares a hole doWn the femoral long 
aXis for femoral component placement to avoid What is 
termed femoral notching that can lead to subsequent femoral 
fracture. The system 10 provides information such as a 
virtual representation of the femoral reamer on one or more 

calibrated ?uoroscopy vieWs, and the surgeon 18 can option 
ally set a desired path on the image 24 or through the 
tracking system 27, and includes alerts indicative of the 
surgeon 18 straying from the planned path. 

[0084] The system 10 guides the femoral rasp and pro 
vides femoral aXis alignment information such as for the 
femoral reamer above. The chosen rasp position usually 
de?nes the anteversion angle of the femoral component 
(except for certain modular devices that alloW setting of 
femoral anteversion independently). Femoral anteversion of 
the implant is calculated by the system 10 using information 
generated by a novel X-ray ?uoroscopy-based technique and 
tracked rasp or implant position. It is knoWn that an X-ray 
image 24 that superimposes the posterior condyles de?nes 
the trans-epicondylar aXis orientation. If the ?ducial cali 
bration grid 34 is at a knoWn orientation With respect to the 
X-ray plane in the tracking system 27 (either through design 
of the ?ducial grid 34 or through tracking of both the ?ducial 
grid 34 and the C-arm 22), the system 10 knoWs the image 
24 orientation and hence the trans-epicondylar aXis in the 
tracking co-ordinate system 10. The system 10 then can 
provide the surgeon 18 With real-time feedback on implant 
anteversion based on planned or actual implant position With 
respect to this trans-epicondylar aXis. Alternative methods of 
obtaining the trans-epicondylar aXis include direct digitiZa 
tion or functional rotation of the knee using the tracking 
device. 

[0085] Proper femoral anteversion is typically important 
to help avoid impingement, as is the anteversion/inclination 
angle of the acetabular component. Since impingement 
occurs due to the relative orientation betWeen the acetabular 
and femoral components, the system 10 optimiZes femoral 
anteversion based on the acetabular component orientation if 
the latter Was recorded by the tracking 27 as described 
above. 
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[0086] The effect of implant position on leg length, femo 
ral anteversion and “impingement Zone” is updated in real 
time With the planned or actual implant position taking into 
account the chosen acetabular component position. Implant 
model and components can be changed “on the ?y” and used 
by the surgeon 18 through and the resulting effect on the 
above parameters displayed in real-time. 

[0087] The technology involves “intelligent instruments” 
that, in combination With the computer, “knoW What they are 
supposed to do” and guide the surgeon 18. The system 10 
also folloWs the natural Work?oW of the surgery based on a 
priori knoWledge of the surgical steps and automatic or 
semi-automatic detection of desired Work?oW steps. For 
eXample, the system 10 provides the required images 24 and 
functionality for the surgical step invoked by a gesture. 
Speci?c eXamples of gestures Within the hip replacement 
surgery include picking up the cup positioner to provide the 
surgeon 18 With navigation of cup anteversion/inclination to 
Within one degree (based on identi?cation of the left & right 
aXes and pubis symphysis landmarks), picking up the reamer 
and the rasp Will also provides the appropriate images 24 and 
functionality, While picking up the saW Will provide interface 
for location and establishment of the height that the femoral 
head Will be cut. The surgeon 18 can skip certain steps and 
modify Work?oW ?exibly by invoking gestures for a given 
step. The system 10 manages the inter-relationships betWeen 
the different surgical steps such as storing data obtained at 
a certain step and prompting the user 18 to enter information 
required for certain. 

[0088] Disposable components for a hip instrumentation 
set include a needle pointer, a saW tracker, an optional cup 
reamer tracker, a cup impactor tracker, a drill tracker (for 
femoral reamer tracking), a rasp handle tracker, a implant 
tracker, and a calibration block. 

[0089] In another example, the system 10 is used for a 
uni-condylar knee replacement. The uni-knee system 10 can 
be used Without any images 24 or With ?uoro-imaging to 
identify the leg’s mechanical aXes. The system 10 alloWs 
de?nition of hip, knee and ankle center using palpation, 
center of rotation calculation or bi-planar reconstruction. 

[0090] The leg varus/valgus is displayed in real-time to 
help choose a uni-compartmental correction or spacer. The 
surgeon 18 increases the spacer until the desired correction 
is achieved. Once the correction is achieved, the cutting jig 
is put into place for the femoral cut. The tibial cuts and 
femoral cuts can be planned “virtually” based on the 
recorded femoral cutting jig position before burring. In the 
case of a system 10 that uses a burr to prepare the bone, tWo 
neW methods for guiding the burr are particularly bene?cial. 
The ?rst is a “free-hand” guide that tracks the burr. Acutting 
plane or curve is set by digitiZing 3 or more points on the 
bone surface that span the region to be burred. The system 
10 displays a color map representing the burr depth in that 
region and the color is initially all green. The desired burr 
depth is also set by the user. As the surgeon 18 burrs doWn, 
the color at that position on the colormap turns yelloW, 
orange then red When the burr is Within 1 mm of desired 
depth (black Will indicate that burr has gone too far). The 
suggested Work?oW is to “borroW” burr holes at the limits of 
the area to be burred doWn to the red Zone under computer 
guidance. The surgeon 18 then burrs in betWeen these holes 
only checking the computer When he/she is unsure of the 
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depth. The system 10 can also provide sound or vibration 
feedback to indicate burring depth. 

[0091] A small local display or heads-up display can help 
the surgeon 18 concentrate on the local situs While burring. 
For the curved surface of the femur, the colormap represents 
the burr depth along a curve. 

[0092] The second method presented is a passive burr 
guide. The folloWing is an example: a cutting jig has one to 
four base pins and holds a “burr-depth guide” that restricts 
burr depth to the curved (in femur) or ?at (in tibia) implant. 
The position and orientation of this device is computer 
guided (for eXample by controlling height of burr guide on 
four posts that place it onto the bone). The burr is run along 
this burr guide to resect the required bone. As in the hip 
replacement procedure, the patient trackers 30 are posi 
tioned similarly. 

[0093] The system 10 can also be linked to a pre-operative 
planning system in a novel manner. Pre-operative planning 
can be performed on 2D images 24 (from an X-ray) or in a 
3D dataset (from a CT scan). These images 24 are ?rst 
corrected for magni?cation and distortion if necessary. The 
implant templates or models are used to plan the surgery 
With respect to manually or automatically identi?ed ana 
tomical landmarks. The pre-operative plan can be registered 
to the intra-operative system 10 through a registration 
scheme such as corresponding landmarks in the pre and 
intra-operative images 24. Other surface and contour-based 
methods are also alternative registration methods. In the case 
of hip replacement, for eXample, the center of the femoral 
head and the femoral neck aXis provide such landmarks that 
can be used for registration. Once these landmarks have 
been identi?ed intra-operatively, the system 10 can position 
the planned implant position automatically, Which saves 
time in surgery. The plan can be re?ned intra-operatively 
based on the particular situation, for eXample if bone quality 
is not as good as anticipated and a larger implant is required. 

[0094] Although the invention has been described With 
reference to certain speci?c embodiments, various modi? 
cations thereof Will be apparent to those skilled in the art 
Without departing from the spirit and scope of the invention 
as outlined in the claims appended hereto. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
1. A computer-implemented method for enhancing inter 

action betWeen a user and a surgical computer assisted 
system, the method includes the steps of: 

tracking a user’s hand gestures With respect to a reference 
point; 

registering a plurality of gesturally-based hand gestures 
and storing said gestures on a computer-readable 
medium; 

associating each of said plurality of gesturally-based hand 
gestures With a desired action. 

detecting a desired action by referencing said user’s hand 
gestures stored on said computer-readable medium; and 

performing the desired action. 
2. A method of claim 1 Wherein said hand gestures that is 

tracked by a tracking system through an instrument in the 
user’s hand. 
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3. A method of claim 2 Where said instrument includes a 
tracking module for providing identi?cation of said instru 
ment, said identi?cation being recogniZable by the tracking 
system. 

4. A method of claim 3 Wherein said instrument is 
associated With a desired action. 

5. A method of claim 4 Wherein said desired action is 
detected by analyZing timing information related to an 
amount of time the instrument is held in a certain position 
With respect to reference point. 

6. The method of claim 1 Wherein said a desired action 
can detected from combination of hand gestures. 

7. A method of claim 1 Wherein the hand gestures are 
associated With desired actions in a Work?oW of the user. 

8. A method of claim 7 Wherein said Work?oW includes a 
set of desired steps and When the system detects that a given 
step of the procedure has been invoked, it con?gures a user 
interface to provide the required information, such as mea 
surements and/or medical images, and provides required 
functionality, such as user input ?elds to specify certain 
information or actions. 

9. The method of claim 8 Wherein the user can access any 
step of the procedure in any given order, and the system 
prompts the user to pass to a subsequent step if there is 
missing information. 

10. A method of claim 1 Where the system automatically 
detects an implant and/or instrument model. 

11. A method of claim 10 Wherein the said implant is 
encoded With the identifying information. 

12. A method of claim 11 Wherein said implant has a bar 
code readable by a bar code reader. 

13. Amethod according to claim 12 Wherein said implant 
package has a coded opto-re?ecting bar-code information 
recogniZable by the tracking system. 

14. A method of claim 11 Wherein said implant having 
been detected by the system is automatically registered as a 
“used inventory” item. 

15. A method of a computer assisted surgery system to 
reduce user interaction by determining information for a 
surgical procedure from the orientation of a medical image 
from an imaging device. 

16. A method of claim 15 Wherein information regarding 
the orientation of the medical image is obtained by tracking 
said imaging device or tracking of a ?ducial object associ 
ated With said imaging device and visible in the image. 

17. A method of claim 16 Wherein the orientation of the 
imaging device is used to determine the medio-lateral aXis of 
a femur, said aXis being used for biomechanical calculations 
of a leg. 

18. A method of a computer assisted surgery system 
including the steps of attaching minimal invasive patient 
trackers to a patient, acquiring intraoperative images With 
respect to said patient trackers, registering said intraopera 
tive images to those trackers and storing said intraoperative 
images on a computer readable medium, Whereby said 
intraoperative images are used during surgery precluding the 
use of said imaging device during surgery. 

19. A method of a computer assisted surgery system 
having the step of displaying a magni?ed virtual represen 
tation of a target instrument or implant siZe While smaller 
instruments or implants are being used. 

20. A method of assisting a surgical procedure by obtain 
ing an image of a portion of a patient on Whom the procedure 
is to be performed, 




